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REDUCED SIZE ELECTROMAGNETIC DEVICE 

Background of the Invention 

(1) Field of the Invention 

The present invention pertains to the construction of an electromagnetic device, such 
as an electric motor or electric generator, where component parts of the electromagnetic 
5 device have been redesigned to significantly reduce its size, 

(2) Description of the Related Art 

Current trends in the design of electromagnetic machines such as motors have lead to 
compact designs of high efficiency motors. The motor designs have obtained high power to 
weight and high power to size ratios through their use of high magnetic flux density magnets 

1 0 on their rotors and high density windings on their stators. 

Compact high efficiency motors are constructed of basically the same component 
parts of larger motors, those being a casing or housing shell containing the stator, a pair of 
end shields attached to opposite ends of the stator, and a rotor supported for rotation in the 
stator bore by a pair of bearings mounted in the end shields. 

j 5 in the reduction in size of these high efficiency motors the surface areas of motor 

component parts available for use in establishing secure connections between the component 
parts is also reduced. For example, in the construction of a larger motor there are typically 
substantial areas on interfacing surfaces of motor component parts, such as a stator and an end 
shield, to accommodate connectors such as nut and bolt connectors to securely hold the two 

20 component parts together. With the ample areas available on the interfacing surfaces of the 
component parts, larger connectors may be employed to securely hold the component pans 
together. However, when the motor is significantly reduced in size, all of its component parts 
are reduced including the interfacing surfaces of mating component pans and the connectors 
employed in securely holding the component parts together. In reduced size motors, the 

25 component parts must be redesigned in order to provide the needed secure connections 
between the component parts. 

A reduction in motor size also requires positioning all of the motor component parts 
closer together. This includes the electrical component parts of the motor such as the stator 
winding, and the structural component pans of the motor such as the end shields. Reduced 

30 motor size brings the end shields much closer to the end turns of the stator winding presenting 
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the undesirable possibility of arcing or shorting of the stator winding with the metal end 
shields. The reduction in size bringing component parts closer together also presents the 
problem of heat generated in one area of the motor adversely affecting another area of the 
motor, for example, the electronics of the motor. The component parts of the reduced size 
5 motor must be redesigned to avoid the potential problems of shorting and heat affecting motor 
performance. 
Summary of the Invention 

The present invention is an electromagnetic device, such as a motor, having 
component parts that are assembled together to provide a motor of compact size having high 
10 efficiency. The novel features of the invention are in the constructions of the component parts 
and, although described as applied to a motor, they may also be applied to alternators and 
generators. 

The motor of the invention is basically comprised of a stator containing the stator 
winding, a pair of end caps attached to axially opposite ends of the stator and insulating the 

15 end turns of the stator winding from the metal laminations of the stator, an insulator attached 
over one of the end caps, a pair of end shields, one attached over the end cap at one end of the 
stator and the other attached over the insulator at the opposite end of the stator, and a rotor. 
The novel features of the motor are primarily in its component parts assembled at the axially 
opposite ends of the stator. Therefore, the stator construction and rotor construction are 

20 described in only general terms with it being understood that alternative stator and rotor 
constructions may be employed with the invention. 

The stator is comprised of a stack of individual stator laminations with each 
lamination having a generally octagonal peripheral edge and a plurality of stator poles 
extending radially inwardly toward a center bore of the laminate as is typical in many stator 

25 constructions. However, the octagonal shape of the peripheral edge is one of the novel 

features of the motor construction that contributes to the secure connection of the motor's 
component parts. With the stator laminates arranged in a stator stack, the exterior surface of 
the stator stack is octagonal and includes four spatially arranged pairs of flat surfaces 
separated by a semi-circular trough. The four pairs of flat surfaces and their middle troughs 

30 extend axially over the exterior surface of the stator stack between longitudinally opposite 
first and second end surfaces of the stator stack. 

The first and second end caps are assembled over the opposite first and second end 
surfaces of the stator stack. Each end cap is constructed of an insulating material and includes 
a plurality of posts radiating inwardly toward a center bore of the cap. The posts are 
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configured complimentary to the poles of the stator laminations and overlay the stator poles at 
the axially opposite ends of the stator. The end turns of the stator winding are wrapped 
around each of the end cap posts and in this manner the posts insulate the end turns from the 
metal of the stator poles. In addition, the first end cap at the first end of the stator has a spacer 
5 projecting therefrom. The spacer projects longitudinally and axially outwardly from the first 
end cap beyond the stator end turns wrapped around the posts of the first end cap. The spacer 
engages against the first end shield attached to the stator stack over the first end cap and 
thereby spaces the metal of the end shield from the turns in the stator winding ensuring that a 
short will not occur between the first end shield and the stator winding. 

10 Thus second end cap, like the first end cap, is constructed of an insulating material 

and also includes inwardly radiating posts. End turns in the stator winding at the second end 
of the stator are wrapped around the posts of the second end cap in a conventional maimer. In 
addition, the second end cap has supports for male terminal connectors that are connected to 
electrical leads of the stator winding. The supports project longitudinally and axially 

1 5 outwardly from the second end cap and securely hold the male electric terminals in a desired 
orientation that facilitates the assembly of the motor component parts. 

The insulator is attached over the second end cap and the second end of the stator 
stack. The insulator is constructed of an electrically insulating and thermally insulating 
material. Its construction covers over the end turns of the stator winding at the second end of 

20 the stator and thereby insulates the end turns from the metal of the second end shield attached 
to the second end of the stator. In addition, the insulator thermally insulates any electronic 
components used in association with the motor and attached to the second end shield from the 
heat generated in the stator. The insulator is also formed with tubular lead guides 
corresponding to each of the male electric terminals supported by the second end cap. The 

25 tubular lead guides project longitudinally and axially outwardly from the insulator and 
surround each of the male terminals supported by the second end cap. 

The second end shield is constructed with lead openings corresponding to the number 
of male terminals supported by the second end cap and the number of tubular lead guides on 
the insulator surrounding the terminals. The lead openings in the second end shield are 

30 positioned so that the tubular lead guides will pass through the openings and in this manner 
the tubular lead guides of the insulator also insulate the electric terminals of the stator from 
the metal of the second end shield. The tubular lead guides also positively position the male 
electric terminals of the stator relative to the second end shield so that they can easily be 
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connected with female electric connectors of an electronics package associated with the motor 
as it is connected to the second end shield. 

Both the first and second end shields are formed with generally square peripheral 
configurations and with four columns projecting longitudinally from the four corners of their 
5 square configurations. Each of the four columns of the end shields is formed with a flat base 
surface that mates against one of the first and second end surfaces of the stator stack. In 
addition, adjacent the base surfaces of the columns, shoulders project longitudinally 
outwardly from the base surfaces. The shoulders are formed with shoulder surfaces that 
overlie the pairs of flat surfaces on the exterior surface of the stator stack. The engagement of 
10 the column shoulder surfaces over the flat surfaces on the exterior of the stator stack securely 
holds the first and second end shields to the opposite first and second end surfaces of the 
stator stack preventing relative torsional or radial movement between the end shields and the 
stator stack. 

With the design of the component parts of the electric motor described above, the size 
1 5 of the motor can be significantly reduced while avoiding the potential problems of securely 
connecting component parts of the motor together and insulating, both electrically and 
thermally, the electrical component parts of the motor from structural component parts. 
Description of the Drawings 

Further features of the invention will be discussed in the following detailed 
20 description of the preferred embodiment of the invention and in the drawing figures wherein: 
Figure 1 is an exploded perspective view of the electromagnetic device of the 
invention; 

Figure 2 is a plan view of a stator lamination of the device; 
Figure 3 is a perspective view of the stator stack; 
25 Figures 4A-4C are back, side sectional and front views of the first end cap; 

Figures 5A-5C are front, side sectional and rear views of the second end cap; 
Figures 6A-6C are front perspective, rear perspective and side sectional views of the 
insulator; 

Figures 7A-7C are front perspective, rear perspective and side sectional views of the 
30 second end shield; 

Figures 8A-8C are front perspective, rear perspective and side sectional views of the 
first end shield; 
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Figure 9 is a side sectional view of the electromagnetic device assembly with the 
rotor positioned in the stator, the end caps assembled to opposite ends of the stator, and the 
first end shield containing a bearing assembled to the first end of the stator; 

Figure 10 is a side sectional view similar to Figure 9 but with the addition of the 
5 insulator assembled to the stator; 

Figure 1 1 is similar view to Figure 10 but with the addition of the second end shield 
assembled to the stator; 

Figure 12 is a view similar to Figure 1 1 but with an electronics package assembled to 
the second end shield; 

10 Figure 13 is a side elevation view of the completed electromagnetic device; and 

Figure 14 is a first end view of the electromagnetic device shown in Figure 13. 
Detailed Description of the Preferred Embodiment 

Figure 1 shows the primary component parts that make up the electromagnetic device 
1 8 of the invention including the stator stack 20, a first end cap 22, a second end cap 24, an 

15 insulator 26, a first end shield 28, a second end shield 30 and a rotor 32. In Figure 1 an 
electronics package 34 is also shown adjacent the second end shield 30. The particular 
electronics package 34 shown is an encoder, however other types of electrical devices 
commonly employed with electromagnetic devices such as motors or generators may be 
substituted for the encoder shown as the electronics package 34. The electronics package 34 

20 is included in the description of the invention to illustrate the ease with which such an 

electronics package may be connected with the electrical leads of the electromagnetic device 
1 8 due to the novel constructions of component parts of the device. It should be understood 
that the particular electronics package 34 shown is not intended to be construed as one of the 
novel features of the electromagnetic device construction and that other types of devices may 

25 or may not be employed with the electromagnetic device of the invention. 

The stator 20 is constructed of a plurality of stator laminations 36 such as that shown 
in Figure 2, which is typical of many stator constructions. Each of the laminations 36 has a 
generally octagonal peripheral edge 38 and a plurality of stator poles 40 that project radially 
inwardly toward a center bore 42 of the laminate, again as is typical in many constructions. 

30 Each of the stator poles 40 is stamped with an indent/protrusions 44 with an indentation on 
one side of each pole and a protrusion on the opposite side of each pole. The protrusions and 
indents of adjacent laminates in the stator stack engage with each other to hold the laminates 
of the stator stack together. Adjacent the peripheral edge 38, each laminate has a plurality of 
holes 46 extending therethrough. The holes 46 may be used in aligning the laminates when 
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assembling the stator stack, but are primarily provided to receive projecting tabs on the 
second end cap when attaching the second end cap to the stator stack, as will be described. 
Grooves 48 are also formed in the peripheral edge 38 of the laminates. These grooves 48 are 
positioned to receive tabs on the first end cap when attaching the end cap to the stator stack as 
5 will be described. 

The octagonal shape of the peripheral edge 38 is partly defined by four pairs of flats 
50 formed in the peripheral edge at spatially arranged positions. Each pair of flats 50 has a 
semi-circular trough 52 positioned therebetween. When the laminates 36 are arranged in the 
stack 20 as shown in Figure 3, the pairs of flats 50 and their troughs 52 form pairs of flat 

10 surfaces 54 that extend along the entire longitudinal length of the stator stack 20 between a 
first end surface 56 of the stator stack and a longitudinally opposite second end surface 58 of 
the stator stack. Each of the pairs of flat surfaces 54 on the exterior of the stator stack border 
a semi-circular trough 60 that also extends the entire longitudinal length of the stator stack 
between the opposite end surfaces 56, 58. The pairs of flat surfaces 54 on the stator exterior 

15 surface are provided to positively locate the end shields 28, 30 relative to the stator and to 

prevent torsional and/or radial movement of the end shields relative to the stator stack as will 
be explained. The trough surfaces 60 formed in the stator stack are provided to accommodate 
bolt fasteners as also will be explained. 

Figures 4A-4C show the first end cap 22. The first end cap 22 is preferably 

20 constructed of an electrically insulating material such as a plastic. The end cap has opposite 
rear 66 and front 68 surfaces with the rear surface being that which faces the stator stack 20 
and the front surface being that which faces away from the stator stack. The end cap also has 
a peripheral edge 70 that is generally square except for four curved notches 72 in place of the 
comers of the end cap square configuration. The end cap also includes a plurality of posts 74 

25 that radiate inwardly toward a center bore 76 of the end cap. The posts 74 are configured 

complimentary to the stator poles 40 and overlay the stator poles when the cap is assembled to 
the first end surface 56 of the stator stack. The end turns of the stator winding are wrapped 
around each of the end cap posts 74 and the posts insulate the end turns from the metal of the 
stator poles 40. The first end cap has four tabs 78 projecting outwardly from its rear surfaces 

30 66. The four tabs 78 are spatially arranged around the peripheral edge 70 of the end cap to 
align with and be received in the grooves 48 of the stator stack when the first end cap is 
assembled to the first end surface 56 of the stator stack. 

A spacer 80 projects longitudinally outwardly from the front surface 68 of the first 
end cap. The spacer 80 is preferably cylindrical and surrounds all of the posts 74 of the first 
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end cap. The spacer 80 is dimensioned sufficiently large so that it will project longitudinally 
from the end cap front surface 68 a distance beyond the end turns of the stator windings 
around the end cap posts 74. When the first end shield 28 is assembled to the stator stack 20 
over the first end cap 22, the spacer 80 will engage with an interior surface of the first end 
5 shield 28 and will thereby space the metal end shield from the end turns of the stator windings 
preventing any shorting of the end turns with the metal of the end shield. In the preferred 
embodiment the spacer 80 has the cylindrical configuration shown. However, the spacer 
could be constructed as one or more posts extending longitudinally from the first end cap to 
the same longitudinal extent as the spacer 80 shown. However, the cylindrical configuration 

10 of the spacer 80 is preferred for its strength. 

The second end cap 24 is shown in Figures 5A-5C. Like the first end cap, the second 
end cap is also constructed of an electrically insulating material such as a plastic. The second 
end cap has a rear surface 86 and an opposite front surface 88, with the rear surface 86 being 
that which faces the stator stack 20 and the front surface 88 being that which faces away from 

15 the stator stack. The second end cap also has a generally square peripheral edge 90 except for 
four notches 92 in place of the corners of the generally square configuration. The second end 
cap also includes a plurality of posts 94 around a center bore 96 of the end cap. The posts 94 
are substantially identical to the posts 74 of the first end cap and are provided for the same 
functioning. Four tabs 98 project outwardly from the rear surface 86 of the end cap and are 

20 positioned to align with four of the holes 46 in the second end surface 58 of the stator stack in 
attaching the second end cap 24 to this surface of the stator stack. 

In addition, the second end cap is provided with supports 100 for male terminal 
connectors that are connected to electrical leads of the stator winding. The supports 100 have 
center passages (not shown) that extend through the second end cap and the supports 100 

25 from the rear surface 86 of the end cap to its front surface 88. The supports 100 positively 
position the male electric terminals of the stator winding to facilitate the assembly of the 
component parts of the electromagnetic device and the connection of the terminals to the 
female terminal connectors of the electronics package, as will be explained. 

The insulator 26 is shown in Figures 6A-6C. Preferably, the insulator 26 is 

30 constructed of a material that is both electrically and thermally insulating. The insulator is 
constructed with an interior surface 106 and an exterior surface 108, the interior surface 106 
surround the second end cap 24 when the insulator is assembled to the electromagnetic 
device. A peripheral edge 110 of the insulator has a generally square configuration except for 
notches 1 1 1 in place of the corners of the square configuration. The insulator peripheral edge 
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1 10 is complimentary to the peripheral edge 90 of the second end cap and extends completely 
around the edge of the second end cap when the insulator is assembled over the end cap. The 
sides of the insulator 1 13 closest to the second end cap 24 actually surround the stator 
winding turns on the second end cap. This particular construction of the insulator enables an 
5 overall reduction in the width of the motor. By employing these portions of the insulator 
sides 1 1 3 to surround the stator winding turns on the second end cap 24, the sides of the 
insulator, being constructed of an electrically insulating material, can be positioned much 
closer to the stator end turns than could an end shield constructed of metal. An end shield 
constructed of metal would have to be constructed with a greater width in order to ensure the 

1 0 metal of the end shield sides is spaced from the end turns of the stator to avoid contact and 
shorting of the metal end shield sides with the stator turns. By replacing the prior art end 
shield construction with the insulator 26 having sides 113 that surround the stator turns, the 
overall lateral width of the motor is reduced. A center hole 112 of the insulator is 
dimensioned sufficiently large to enable a bearing mounting collar of the second end shield 30 

15 to extend therethrough, but still enables the insulator to provide sufficient coverage of the end 
turns of the stator over the second end cap posts 94 to insulate the windings from the metal of 
the second end cap 24. In addition, the insulator thermally insulates any electronic 
components used in association with the motor and attached to the second end shield from the 
heat generated in the stator. 

20 The insulator also has a plurality of tubular lead guides 1 14 projecting longitudinally 

from the exterior surface 108 of the insulator. The number of lead guides 1 14 and their 
positioning on the insulator corresponds to the number and positioning of the male terminal 
supports 100 on the second end cap 24. With the insulator 26 assembled over the second end 
cap 24, the terminal supports 100 of the second end cap and the male terminals of the stator 

25 electrical leads they support project through the interiors of the lead guides 1 14. Thus, the 
tubular lead guides 1 14 with the electrical lead supports 100 positively position the male 
terminals of the stator where they can be easily connected with mating female electrical 
connectors of a separate electronics package 34 used in association with the electromagnetic 
device as the package is assembled to the second end shield 30. As the electronics package is 

30 connected to the second end shield 30, the female connectors are positioned on the electronics 
so that they will extend into the tubular lead guides 1 14 of the insulator. The tubular lead 
guides 1 14 function to guide the male terminals of the stator into the mating female terminals 
of the electronics package as the package is assembled to the second end shield 30. This 
enables a blind assembly of the electronics package onto the second end shield. With the 
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insulator lead guides 1 14 guiding the female connectors over the male terminals, a good 
connection is ensured. In addition, the tubular lead guides 1 14 insulate the electric terminals 
from contact with the metal of the second end shield 30 as they extend through the end shield 
to its exterior surface where they can be connected to a separate electronics package. 
5 The second end shield 30 is shown in Figures 7A-7C. In the preferred embodiment 

the second end shield 30 is constructed of metal, as is conventional. The second end shield 30 
has a generally square configuration with opposite interior 120 and exterior 122 surfaces. The 
interior surface 120 is that which faces toward the stator stack 20. A shaft opening 124 passes 
through the end shield and is surrounded by a circular collar 126 that extends axially from the 
10 end shield interior surface 120. The collar 126 is provided to hold a bearing assembly that in 
turn mounts the rotor 32 for rotation on the end shield, as is typical in electric motor 
construction. 

The peripheral edge of the end shield includes four columns 128 that project 
longitudinally and axially outwardly from the end shield interior surface 120. It can best be 

15 seen in Figure 7B that the peripheral side wall 129 of the second end shield does not extend 
the full length of the columns 128 leaving spaces between the columns 128 adjacent their 
distal ends. These spaces are provided to accommodate the side walls 1 13 of the insulator. 
The columns 128 reach beyond the insulator side walls 113 when attaching the second end 
shield to the stator. By eliminating the sections of the metal side walls from the second end 

20 shield and replacing them with portions of the insulator side walls 1 13 that surround the stator 
end turns on the second end cap 24, the width of the second end shield and the overall width 
of the motor can be reduced while avoiding positioning the metal side walls of the second end 
shield too close to the stator end turns where the possibility of electrical shorting would exist. 
Each of the columns 128 has a fastener hole 130 extending therethrough. In addition, each of 

25 the columns has a base surface 132 formed thereon. As seen in Figure 7B, the base surface 

132 of each column 128 intersects the fastener hole 130. Shoulders 134 extend longitudinally 
outwardly from the base surfaces 132 of the columns to distal end surfaces 136 of each of the 
columns. Shoulder surfaces 138 extend between the base surfaces 132 and the end surfaces 
1 36 of the columns. In the preferred embodiment of the invention, the base surfaces 1 32 are 

30 coplanar and are formed to mate complimentary with the second end surface 58 of the stator 
stack. In addition, the shoulder surfaces 138 are positioned to overlay and engage against 
pairs of flat surfaces 54 on the exterior surface of the stator stack with the fastener hole 130 of 
each column aligning with a trough 60 between the stator flat surfaces 54. The mating 
engagement of the shoulder surfaces 138 with the flat surfaces 54 of the stator stack secures 
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the second end shield 30 against radial and/or torsional movement relative to the stator stack. 
In this manner, nut and bolt fasteners passing through the fastener holes 130 of the second end 
shield 30 and the troughs 60 across the exterior surface of the stator stack 20, in addition to 
the engagement of the shoulder surfaces 138 with the flat surfaces 54 on the exterior of the 
5 stator stack, securely hold the second end shield 30 stationary relative to the stator stack 20. 
By combining the engagement of the shoulder surfaces 138 against the stator flat surfaces 54 
with a nut and bolt fastener to hold the second end shield to the stator stack 20, a much 
stronger connection is provided than by using a fastener alone. In addition, a smaller nut and 
bolt fastener may be used thereby contributing to the reduction in size of the overall 

10 electromagnetic device 18. 

The second end shield 30 also has a number of lead openings 140 passing 
therethrough. The lead openings 140 have configurations and positions on the second end 
shield 30 that corresponds to the tubular lead guides 1 14 of the insulator 26. When the 
second end shield 30 is assembled to the stator stack 20 over the insulator 26, the tubular lead 

15 guides 1 14 extend through the lead openings 140 of the second end shield and thereby 

insulate the electrical leads of the stator from contacting the metal of the second end shield 
30. 

The peripheral edge 142 of the second end shield 30 is also provided with a pair of 
diagonally opposed holes 144 and a pair of diagonally opposed posts 146. The holes 144 and 
20 posts 146 provide a simple method of connecting an external electronics packages 34 to the 
second end shield 30. 

The first end shield 28 is similar to the second end shield 30 and therefore will not be 
described in the same detail. In the preferred embodiment, the first end shield 28 is 
constructed of metal and also has a generally square configuration defined by its peripheral 

25 edge 152. The end shield has opposite interior 154 and exterior 156 surfaces with a shaft 

opening 158 passing therethrough. The first end shield also has four columns 160 projecting 
axialiy and longitudinally from the interior surface 154. Like the columns of the second end 
shield, the four columns 160 include base surfaces 162 and shoulders 1 64 with the shoulders 
having shoulder surfaces 166 and distal end surfaces 168 of the columns. A fastener hole 170 

30 extends through each of the columns 1 60 and is intersected by the base surfaces 162. 

The shoulder surfaces 1 66 and base surfaces 162 of the first end shield columns 160 
function in the same manner as those of the second end shield columns 128. In addition, the 
fastener holes 170 of the first end shield columns 160 align with the troughs 60 on the exterior 
surface of the stator stack 20 in the same manner as the fastener holes 1 30 of the second end 
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shield columns. The shoulder surfaces 166 and the flats 54 of the stator stack mate with each 
other to securely hole the first end shield 28 against torsional and/or radial movement relative 
to the stator stack in the same manner as the second end shield 30. 

Figures 1 and 9-14 illustrate the assembly of the component parts of the 
5 electromagnetic device 18 of the invention. In Figure 9, the first end cap 22 and second end 
cap 24 have been attached to the longitudinally opposite first end surface 56 and second end 
surface 58 of the stator stack 20. The first end shield 28 is attached to the stator stack 20 over 
the first end cap 22. The shaft of the rotor 32 is shown supported in a bearing 1 80 supported 
by the first end shield 28 in a conventional manner. The stator winding has been added to the 

1 0 stator stack 20 and the end turns are schematically represented at the first end 176 and second 
end 1 78 of the stator stack. It can be seen in Figure 9 that the spacer 80 surrounds the end 
turns 1 76 of the stator winding and projects longitudinally beyond the end turns 176 to space 
the first end shield 28 from the end turns 176 and thereby prevent any shorting of the stator 
winding with the first end shield. At the second end surface 58 of the stator stack the electrical 

1 5 lead supports 100 of the second end cap 24 support stator leads 182. 

Figure 10 shows the insulator 26 assembled over the second end cap 24. The 
insulator peripheral edge 1 10 extends completely around the second end cap 24 and one of the 
insulator tubular lead guides 1 14 is shown surrounding the stator electrical lead 182 supported 
by the second end cap lead support 100. 

20 Figure 1 1 shows the second end shield 30, with a bearing 184 inserted into its bearing 

collar 126, assembled over the insulator 26. The bearing 1 84 supports the shaft of the rotor 
32 in a conventional manner. The insulator lead guides 1 14 surrounding the stator electrical 
leads 182 project through the lead openings 140 of the second end shield 30 and project a 
short distance outwardly from the end shield exterior surface 122 where they can be easily 

25 accessed for connection with an external electronics package. The insulator 26 also spaces 
the second end shield 30 from the end turns 178 of the stator winding and electrically 
insulates the end turns 178 from the end shield 30. The insulator 26 also provides thermal 
insulation and for electronics attached to the exterior surface 122 of the end shield 30. 

Refemng to Figure 1, a plurality of bolts 186 are inserted through the fastener holes 

30 1 30 of the second end shield 30 and pass through the notches 1 1 1 of the insulator 26 and the 
notches 90 of the second end cap 24 and through the trough surface 60 on the exterior of the 
stator stack 20. The bolts 1 86 then pass through the notches 72 in the periphery of the first 
end cap 22 and through the fastener holes 170 of the first end shield 28. The ends of the bolts 
186 can be screw threaded into complimentary internal threading in the fastener holes 170 of 
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the first end shield 28 or can be threaded into nuts on the exterior surface 156 of the first end 
shield 128. The bolts 186, together with the shoulder surfaces of the end shields described 
earlier, securely hold together the component parts of the electromagnetic device 1 8. 

Figures 1 and 12-14 also show an external electronics package 34 assembled to the 
5 second end shield 30 of the electromagnetic device. As shown in Figure 1, the electronics 
package 34 includes a printed circuit board with electronics modules attached (PC board) 192 
having holes 194 at each of its corners. The PC board holes 194 correspond to the peripheral 
edge holes 144 and peripheral edge posts 146 of the second end shield 30. A square housing 
wall 96 that could be constructed of metal or other material that would enable it to function as 

10 a heat sink as well as an enclosure for the PC board 192 is positioned over the PC board. The 
housing wall 196 has diagonally opposed grooves 198 at opposite interior corners. A housing 
cover 200 fits against the wall 196 and a pair of bolts 202 pass through holes 204 in the cover, 
through the housing wall grooves 198, through the PC board holes 194 and into the peripheral 
edge holes 144 of the second end shield 30. Internal threading in the peripheral edge holes 

15 144 of the second end shield 30 securely attaches the electronics package 34 to the second end 
shield. The electronics package 34 can be constructed so that any electrical connectors of the 
package will coincide in position with the electrical leads 1 82 of the electromagnetic device 
18 so that attaching the electronics package 34 to the second end shield 30 of the device also 
completes the electrical connections between the electronics package and the device. 

20 From the above description it can be seen that by the design of the component parts of 

the electromagnetic device 18, the size of the device is significantly reduced while avoiding 
the potential problems of securely connecting the component parts of the device together and 
insulating, both electrically and thermally, the electrical component parts of the device from 
structural component parts. 

25 While the present invention has been described by reference to a specific 

embodiment, it should be understood that modifications and variations of the invention may 
be constructed without departing from the scope of the invention defined in the following 
claims. 
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What is Claimed: 

1 . An electromagnetic device comprising: 

a stator stack having a longitudinal length with longitudinally opposite first 
and second end surfaces, an exterior surface between the first and second end surfaces and a 
center bore through the stator stack between the first and second end surfaces, 
5 first and second end shields covering over the respective first and second end 

surfaces of the stator stack, the first and second end shields each have a shaft opening aligned 
with the center bore of the stator stack, each end shield has a base surface that mates against 
one of the first and second end surfaces of the stator stack, and the first end shield has a 
shoulder that projects outwardly from the base surface of the first end shield and overlays a 
10 portion of the stator stack exterior surface. 

2. The electromagnetic device of Claim 1, wherein: 

the shoulder has a shoulder surface that mates against the portion of the stator 
stack exterior surface and resists relative torsional movement between the stator stack and the 
first end shield. 

3. The electromagnetic device of Claim 1, wherein: 

the first end shield has a pair of base surfaces that mate against the first end 
surface of the stator stack and a pair of shoulders that project outwardly from the pair of base 
surfaces and overlay portions of the stator stack exterior surface on laterally opposite sides of 
5 the stator stack. 

4. The electromagnetic device of Claim 3, wherein: 

the pair of shoulders have shoulder surfaces that mate against portions of the 
stator stack exterior surface on laterally opposite sides of the stator stack and the shoulder 
surfaces and the portions of the stator stack exterior surface are all flat. 

5 . The electromagnetic device of Claim 2, wherein: 

the stator stack center bore has a center axis and the shoulder surface and the 
portion of the stator stack exterior surface are parallel with the center bore center axis. 

6. The electromagnetic device of Claim 1 . wherein: 

the second end shield has a shoulder that projects outwardly from the base 
surface of the second end shield and overlays a second portion of the stator stack exterior 
surface, the second end shield shoulder has a shoulder surface that mates against the second 
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5 portion of the stator stack exterior surface and resists relative torsional movement between the 
stator stack and the second end shield. 

7. The electromagnetic device of Claim 6, wherein: 

the portion of the stator stack exterior surface that the shoulder of the first end 
shield overlays and the second portion of the stator stack exterior surface that the shoulder of 
the second end shield overlays are portions of one flat surface that extends longitudinally 
5 across the exterior surface of the stator stack between the first and second end surfaces of the 
stator stack. 

8. An electromagnetic device comprising: 

a stator stack having a longitudinal length with longitudinally opposite first 
and second end surfaces, an exterior surface between the first and second end surfaces, a 
center bore through the stator stack between the first and second end surfaces and a stator 
5 winding around the center bore; 

first and second end shields covering over the respective first and second end 
surfaces of the stator stack, the first and second end shields each having a shaft opening 
aligned with the center bore of the stator stack; 

an end cap positioned between the first end surface of the stator stack and the 
1 0 first end shield, the end cap having a plurality of posts with end turns of the stator winding 

wrapped over the plurality of posts, and the end cap having a spacer projecting longitudinally 
outwardly from the end cap beyond the end turns of the stator winding wrapped over the 
plurality of posts and engaging with the first end shield spacing the first end shield from the 
end turns of the stator winding. 

9. The electromagnetic device of Claim 8, wherein: 

the end cap, the plurality of posts and the spacer are integrally molded of an 
electrically insulating material, 

10. The electromagnetic device of Claim 9, wherein: 

the end cap has a peripheral edge and the spacer is positioned laterally 
inwardly from the peripheral edge. 

1 1 . The electromagnetic device of Claim 9, wherein: 

the spacer is cylindrical and extends around the plurality of posts. 

12. An electromagnetic device comprising: 

a stator stack having a longitudinal length with longitudinally opposite first 
and second end surfaces, an exterior surface between the first and second end surfaces, a 
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center bore through the stator stack between the first and second end surfaces and a stator 
5 winding around the center bore; 



10 and the second end shield separating the second end shield from the stator winding. 

13. The electromagnetic device of Claim 12, wherein: 

the insulator is constructed of a material that is both an electrical insulator 
and a thermal insulator. 

14. The electromagnetic device of Claim 12, wherein: 

the insulator has a longitudinally projecting tubular lead guide and an electric 
terminal from the stator winding is supported in the tubular lead guide. 

1 5. The electromagnetic device of Claim 14, wherein: 

the second end shield has a lead opening and the tubular lead guide passes 
through the lead opening. 

16. The electromagnetic device of Claim 12, wherein: 

the insulator has a plurality of longitudinally projecting tubular lead guides 
and an electric terminal from the stator winding is supported in each of the tubular lead 
guides; and 

5 the second end shield has a plurality of lead openings and each tubular lead 

guide of the plurality of tubular lead guides passes through a lead opening in the second end 
shield. 

17. The electromagnetic device of Claim 14, wherein: 

the tubular lead guide surrounds the terminal from the stator and insulates the 
terminal from the second end shield as the tubular lead guide passes through the lead opening 
in the second end shield. 

1 8. The electromagnetic device of Claim 12, wherein: 

the insulator has a sidewall that surrounds end turns of the stator winding and 
spaces the second end shield longitudinally from the end turns. 

19. The electromagnetic device of Claim 14, wherein: 

the tubular lead guide has a distal end with an opening therein providing 
access to the electric terminal supported by the lead guide through the opening, the opening 



first and second end shields covering over the respective first and second end 
surfaces of the stator stack, the first and second end shields each having a shaft opening 
aligned with the center bore of the stator stack; 

and an insulator positioned between the second end surface of the stator stack . 
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being adapted to guide a separate electric terminal inserted through the opening onto the 
5 terminal supported in the lead guide. 

20. An electromagnetic device comprising: 

a stator stack having a longitudinal length with longitudinally opposite first 
and second end surfaces, an exterior surface between the first and second end surfaces, a 
center bore through the stator stack between the first and second end surfaces, and a stator 
5 winding around the center bore; 

an end cap covering over the first end surface of the stator stack; 

a first end shield covering over the end cap, the end cap spacing the first end 
shield from the stator winding; 

an insulator covering over the second end surface of the stator stack; and 
10 a second end shield covering over the insulator, the insulator insulating the 

stator winding from the second end shield. 

2 1 . The electromagnetic device of Claim 20, wherein: 

the end cap has a spacer that projects longitudinally from the end cap and 
engages with the first end shield and thereby maintains a spacing between the first end shield 
and the stator windings. 

22. The electromagnetic device of Claim 20, wherein: 

the insulator has a tubular lead guide that projects longitudinally from the 
insulator, the stator winding has an electric terminal that is supported in the insulator tubular 
lead guide, the second end shield has a lead opening and the insulator tubular lead guide 
5 passes through the lead opening. 

23 . The electromagnetic device of Claim 22, wherein: 

the tubular lead guide has a distal end with an opening therein providing 
access to the electric terminal supported by the lead guide through the opening, the opening 
being adapted to guide a separate electric terminal inserted through the opening onto the 
5 terminal supported in the lead guide. 

24. The electromagnetic device of Claim 20, wherein: 

the first end shield has longitudinally projecting columns that extend past the 
end cap and engage with the first end surface of the stator stack. 
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25. The electromagnetic device of Claim 24, wherein: 

the second end shield has longitudinally projecting columns that extend past 
the insulator and engage with the second end surface of the stator stack. 
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